INTRODUCTION
cubic (fcc) structure as the matrix. Furthermore, ordered phase Au3Cu with high nobility is favorable for corrosion resistance11-13). We have to make another choice in order to ensure acceptable hardness by phase transformation. As pure Au3Cu alloy produces little age-hardening as reported by Platerink14), additional elements may be viable. In the present study palladium was selected as additional element for the following reasons; (1) age-hardening characteristics related to Au3Cu in a commercial dental gold alloy containing palladium have been reported15), and (2) a satisfactory phase diagram of Au-Cu-Pd is obtained16,17).
The purpose of the present study was to clarify the age-hardening behaviors related to Au3Cu in Au-Cu-Pd alloys by means of electrical resistivity measurements, hardness tests, X-ray diffraction (XRD) and transmission electron microscopy (TEM).
MATERIALS AND METHODS
As shown in Table 1 , six specimens with 17 or 18 carat noble elements were selected. Nos.1 and 2 are ternary alloys with a constant content of 25 at% Cu and variable ratios of Au and Pd, while Nos.2 to 6 have a constant content of 8 at% Pd and variable ratios of Au and Cu. Each alloy specimen was prepared by vacuum-melting in a high-frequency induction furnace. After alternate rolling and annealing of the ingots, billets of 0.8mm thickness for hardness tests, 0.1mm thickness for electrical resistivity measurements and TEM observations, and powder specimens by filing for XRD study were obtained. They were solution-treated at 973 K for 3.6 ks followed by ice-brine quenching to obtain a single phase of disordered solid solution.
Two annealing modes were employed, namely anisothermal and isothermal annealings. Anisothermal annealing was performed for electrical resistivity measurements, and isothermal annealing was done for hardness tests, XRD study and TEM observations. Electrical resistivity was measured using a potentiometric method18) during continuous heating and cooling at a rate of 1.67mK/s from room temperature to 1073 K in vacuum. Hardness tests were performed with a Vickers micro-hardness tester using a load of 300 gf. Each hardness value was computed from the average of five indentations.
Structural changes were examined with an X-ray diffractometer (RAD-rA, Rigaku Corp., Tokyo, Japan) and transmission electron microscope (H-800, However, fine antiphase domains originating in the L12 structure are observed in the images. As can be shown in Fig. 14 , further aging produced a domain growth and formed a checkerboard-like microstructure unlike the two phase separation seen in No.3 and No.6 alloys. It is well known that antiphase domain boundaries play an important role for ordered hardening in Ni3Mn and Ni3Fe alloys without crystal structure change [23] [24] [25] . The domain boundaries in Au3Cu phase and the formation of AuCu I phase must be connected with the hardening in the present alloys. The parallelogram-shaped region is observed as bright area in dark field images by using 001x and 001y superlattice reflections. These parallelogram-shaped regions are identified as x and y variants of AuCu I ordered phase, and cuboidal blocks are distinguished as L12-type Au3Cu ordered phase. Fig. 15 (a) shows a schematic representation of the SAD pattern seen in Fig. 14  (d) . It is considered that Fig. 15 (a) consists of two sets of diffraction patterns as 
CONCLUSIONS
Age-hardening behaviors and related phase transformations in Au-Cu-Pd alloys were investigated by means of electrical resistivity measurements, hardness tests, XRD study, and TEM observations.
The main results were as follows: (1) The order-disorder transition temperature was increased by addition of either palladium or copper. (2) Remarkable age-hardening was mainly due to the formation of the AuCu I ordered phase in the Au3Cu ordered matrix, while the hardening produced by the Au3Cu ordered phase itself showed slight increase in hardness due to the domain size effect. (3) Four kinds of coexistent microstructure consisting of the AuCu I and Au3Cu ordered phases were observed: Au3Cu with small amounts of AuCu I platelet; Au3Cu and AuCu I coexistent phase with equivalent volume which formed a checkerboard-like structure; twinned AuCu I structure with small amounts of Au3Cu in the grain interior; and coexistence of Au3Cu structure with twinned AuCu I structure at the grain boundary. (4) Three types of phase transformation in the grain interior from the disordered phase to the equilibrium phases (L12+L10) were detected during the isothermal aging. The difference can be interpreted in terms of the free energy.
